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Objective: To develop a diagnostic rule for the identiﬁcation of radiographic osteoarthritis (OA) of the ﬁrst
metatarsophalangeal joint (MTPJ) in people with ﬁrst MTPJ pain.
Design: Symptoms and clinical observations were documented in 181 people with ﬁrst MTPJ pain, and
the presence of OA was conﬁrmed using plain ﬁlm radiography. Diagnostic test statistics were calculated
to assess the ability of symptoms and clinical observations to identify radiographic OA. Multivariate
logistic regression was used to develop two diagnostic models: a statistically optimal model and
a simpliﬁed clinical model.
Results: Multivariate logistic regression identiﬁed pain duration greater than 25 months, the presence of
a dorsal exostosis, hard-end feel, crepitus and less than 64 of ﬁrst MTPJ dorsiﬂexion to be signiﬁcantly
associated with radiographic OA. The statistically optimal model and clinical model performed similarly,
with the areas under the receiver operating characteristics curves being 0.87 (95% conﬁdence interval
[CI] 0.81e0.93) and 0.87 (95% CI 0.80e0.93), respectively, and the percentage of cases correctly classiﬁed
being 86.2 and 85.6, respectively. A cut-off score of 3 using the clinical model resulted in a sensitivity of
88%, speciﬁcity of 71%, accuracy of 84%, positive likelihood ratio of 3.07 and negative likelihood ratio of
0.17.
Conclusions: In people with ﬁrst MTPJ pain, a model consisting of ﬁve clinical observations can accurately
identify the presence or absence of radiographic OA. The application of this diagnostic rule may assist
clinical decision making and potentially reduce the need for referral for radiographs.
Crown Copyright  2011 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society
International. All rights reserved.Introduction
Osteoarthritis (OA) is the leading cause of chronic pain and
disability in older people1. Although the knee is the most
commonly affected lower limb region, foot involvement is also
common. Epidemiological studies indicate that 20e30% of people
aged over 65 years report foot pain2e6, and approximately 10%
attribute foot pain to OA or joint impairment3,7,8. The most
commonly affected region of the foot is the ﬁrst meta-
tarsophalangeal joint (MTPJ). A recent systematic review indicated
that radiographic changes are evident in 12e35% of people aged
over 35 years with no consistent gender predisposition9. Depend-
ing on severity, OA affecting the ﬁrst MTPJ is commonly referred to: H.B. Menz, Musculoskeletal
niversity, Bundoora, Victoria
-5415.
z).
011 Published by Elsevier Ltd onas either hallux limitus or hallux rigidus10, and although the terms
are often used interchangeably, hallux rigidus has been adopted by
the International Classiﬁcation of Diseases11. Although the preva-
lence of hallux rigidus has not been studied in detail, it is thought to
be the second most common complaint affecting the ﬁrst MTPJ
after hallux valgus12.
The degree of osteoarthritic change within the ﬁrst MTPJ is
generally considered to increase as a function of duration and
severity of hallux rigidus, and several classiﬁcation systems incor-
porating a combination of clinical observations and radiographic
ﬁndings have been proposed in the literature13. In primary care,
a provisional diagnosis of ﬁrst MTPJ OA in those with hallux rigidus
is typically made on the basis of clinical observations such as
restricted dorsiﬂexion range of motion of the ﬁrst MTPJ, the pres-
ence of a dorsal exostosis and secondary complications such as
hyperextension of the ﬁrst interphalangeal joint, dystrophic nail
changes, metatarsalgia and plantar hyperkeratotic lesions10. To the
authors’ knowledge, the ability of these observations to accurately
identify the presence of ﬁrst MTPJ OA has not been examined.behalf of Osteoarthritis Research Society International. All rights reserved.
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plain ﬁlm radiography in order to provide a deﬁnitive diagnosis.
This reference standard is, however, associated with three main
limitations e radiography exposes patients to ionising radiation, it
is relatively expensive, and results in increased time for a clinician
to provide a diagnosis, potentially prolonging the initiation of
treatment14.
The ability to accurately diagnose ﬁrst MTPJ OA without the
need to refer for radiographs would assist clinical decision making
and potentially reduce the costs of, and time to initiate, treatment
for this common condition. Therefore, the aim of this study was to
determine the diagnostic accuracy of reported symptoms and
clinical observations in the identiﬁcation of radiographic OA in
people presenting with ﬁrst MTPJ pain.
Methods
This investigation formed part of a randomised controlled trial
assessing the effectiveness of intra-articular hyaluronan (Hylan G-F
20) for the treatment of OA affecting the ﬁrst MTPJ15. The study was
approved by the Human Studies Ethics Committee of La Trobe
University, Australia (No. 07-45). Informed consent was obtained
from all participants prior to data collection.
Participants
The study cohort comprised 181 participants, of which 116 (64%)
were male and 65 (36%) female. Participants were recruited from
several sources including advertisements in daily newspapers,
mail-outs to health care professionals, and posters displayed at
retirement villages, sporting facilities and universities. Participant
recruitment occurred between March 2007 and January 2010.
Participants were included in the study if they were aged 18 years
or older, reported greater than 20 mm of pain at rest at the ﬁrst
MTPJ measured on a 100 mm visual pain analogue scale and
experienced pain for longer than 3 months. If bilateral ﬁrst MTPJ
pain was reported, only the most painful side was analysed.
Participants were excluded from the study if they had confounding
pain in the lower limbs, were unable to ambulate without an
assistance device, had previous surgery or intra-articular injections
at the ﬁrst MTPJ, had a history of inﬂammatory joint diseases such
as rheumatoid arthritis or gout, or displayed moderate to severe
hallux valgus, as deﬁned by the Manchester scale16,17. No attempt
was made to distinguish between post-traumatic and idiopathic/
degenerative OA, due to the questionable accuracy of retrospective
reporting of the relatively minor trauma that could lead to post-
traumatic ﬁrst MTPJ OA.
Data collection
All data were gathered prospectively. Participants underwent
a standardised clinical interview and physical examination by the
principal investigator (GVZ), who remained blinded to the radio-
graphic ﬁndings for participants during the course of the study. All
clinical measures were collected by the same investigator for all
participants at a Health Sciences Clinic at La Trobe University,
Australia.
Assessment of symptoms and clinical observations
Clinical features with a known or putative association with ﬁrst
MTPJ OA were chosen for assessment in this study. These clinical
features were selected from a number of sources including the
podiatric and medical literature10, the American College of Rheu-
matology (ACR) criteria for diagnosing hip, hand and knee OA18e20,and recommendations by the European League Against Rheuma-
tism (EULAR) for diagnosing knee OA21. All measures assessed in
this study exhibited a level of practicality for a clinician to easily
implement during a routine primary care consultation.
The following clinical symptoms were used as potential diag-
nostic criteria:
(i) Duration of pain: pain duration (in months) was assessed
using a single open-ended question “How long have you had
pain in your big toe joint?”
(ii) Severity of pain at rest: pain severity at rest over the past week
was assessed using a 100 mm visual analogue scale (VAS). The
left side of the scale (0 mm) was labelled “no pain” and the
right side (100 mm) “worst pain possible”.
(iii) Duration of morning stiffness: morning stiffness duration over
the past week was assessed using the question “During the
past week, on average, how long have you had stiffness in your
big toe joint during the morning?”, followed by a four point
scale response (none, 1e15 min, 16e30 min and greater than
30 min)20.
The following clinical observations were used as potential
diagnostic criteria:
(i) Dorsal exostosis: the presence of a deﬁnite dorsal bony exos-
tosis was determined via visual observation of the ﬁrst MTPJ.
(ii) Temperature increase: a deﬁnite palpable increase in
temperature was determined via manual palpation using the
palm of the hand with reference made to the region proximal
to the MTPJ of the same foot.
(iii) Effusion: a palpable joint effusion around the dorsal, dorso-
medial and dorso-lateral regions was determined using
manual palpation. An effusion was classiﬁed as present if the
area was compressible and displacement of ﬂuid noted.
(iv) Pain during motion: the examiner grasped the proximal
phalanx of the hallux and dorsiﬂexed the digit until movement
was no longer possible. The process was repeated ﬁve times
with a positive test result concluded if end range of motion
produced pain in at least three of the test trials.
(v) Redness: the examiner observed the joint and made compar-
ison to the surrounding tissue to determine if a rubor
appearance was present. The test was considered positive if
the covering joint tissue was determined to be red in colour
relative to proximal and distal regions of the same foot.
(vi) Hard end-feel: the examiner grasped the proximal phalanx
and proceeded to dorsiﬂex the hallux until movement was no
longer possible. A positive test result was concluded if a hard
osseous end-feel was determined as opposed to a gradual end-
feel of joint motion22.
(vii) Crepitus during dorsiﬂexion: the examiner applied
a compressive force while moving the joint through its full
range of dorsiﬂexion motion. This process was repeated ﬁve
times with a positive test result concluded if a grating or
cracking sensation occurred during at least three of the test
trials23.
(viii)Pain on palpation: the examiner manually palpated the dorsal
aspect of the ﬁrst MTPJ using the index ﬁnger to determine if
pain could be elicited. If painwas present the test outcomewas
considered positive.
(ix) First MTPJ dorsiﬂexion range of motion: the passive, non-
weightbearing, dorsiﬂexion range of motion of the ﬁrst MTPJ
was measured in accordance to the procedure described by
Hopson et al.24. The ﬁrst metatarsal and proximal phalanx of
the hallux were initially bisected in the sagittal plane. A dor-
siﬂexion force was applied to the hallux until end range of
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plantarﬂex. The angle between the two lines was then
measured via a hand held goniometer. This measurement
technique has been shown to be highly reliable (intra-class
correlation coefﬁcient [ICC] of 0.95)24. The assessment was
performed twice and the average used for analysis.
Inter-rater reliability for all clinical observations was conducted
between two investigators (GVZ and SEM) on the initial 24
participants. The principal investigator (GVZ) had 6 years of clinical
podiatry experience and the second investigator (SEM) had 12
years of clinical podiatry experience. Prior to data collection,
investigators undertook two 30 min training sessions to familiarise
themselves with assessment protocols. The investigators were
blinded to each other’s results.
Classiﬁcation of radiographic OA
The reference standard used to diagnose ﬁrst MTPJ OA was
plain ﬁlm radiography, using both dorso-plantar and lateral views.
All classiﬁcation measures were conducted by one author (SEM),
who was blinded to the participants’ clinical features. The presence
or absence of radiographic ﬁrst MTPJ OA was conﬁrmed with the
use of a radiographic atlas developed by Menz et al.25,26. The atlas
uses weightbearing dorso-plantar and lateral radiographs to
document the presence of OA based on observations of osteo-
phytes and joint space narrowing (see Fig. 1). Osteophytes were
recorded as absent (score¼ 0), small (score¼ 1), moderate
(score¼ 2) or severe (score¼ 3). Joint space narrowing was
recorded as none (score 0), deﬁnite (score¼ 1), severe (score¼ 2)
or joint fusion (score¼ 3). First MTPJ OA was considered to be
present if a score of two or greater was documented for either
osteophytes or joint space narrowing from either the dorso-
plantar or lateral radiograph25. The atlas has been shown to have
good to excellent intra- and inter-rater reliability for grading ﬁrst
MTPJ OA (k range 0.64e0.95)25.
Statistical analysis
Statistical analysis was conducted using SPSS Version 14 for
Windows (SPSS, Inc., Chicago, IL, USA). To maintain independence
of data, only the most painful MTPJ of each participant was
assessed27. The analysis was undertaken in ﬁve stages to (1)Fig. 1. Example atlas images for assessing radiographic OA (joint spevaluate differences between participants with and without
radiographic OA of the ﬁrst MTPJ, (2) determine the inter-rater
reliability of clinical observations, (3) calculate the diagnostic
accuracy of symptoms and clinical observations, (4) determine
diagnostic cut-off scores, and (5) select the most appropriate model
for the diagnosis of radiographic ﬁrst MTPJ OA.
First, differences between participant characteristics with and
without ﬁrst MTPJ OA were explored using independent samples t
tests for continuously scored variables and chi-squared tests for
dichotomous variables.
Second, inter-rater reliability of clinical observations for contin-
uously scaled measurement data was calculated using ICCs (type 3,
1). Interpretation of the ICCs was conducted in accordance with
suggestions of Portney and Watkins28, whereby values >0.75 indi-
cate good reliability, values ranging between 0.50 and 0.75 imply
moderate reliability and values <0.50 suggest poor reliability. Clin-
ical observationsdisplaying an ICCvalue less than0.50weredeemed
unreliable and were not considered suitable for further analysis.
Inter-rater reliability of categorically scaled clinical measures was
assessed using percentage agreement and the kappa coefﬁcient (k).
Interpretation of the k coefﬁcientwas conducted in accordancewith
Landis and Koch29, who suggested the following classiﬁcation
values: poor¼ 0.00 to 0.20, fair¼ 0.20 to 0.40, moderate¼ 0.40 to
0.60, substantial¼ 0.60 to 0.80 and excellent¼ 0.80 to 1.00. Any
variables displaying poor to fair reliability (k< 0.40) were consid-
ered unreliable and were not included in subsequent analyses.
Third, clinicalmeasures found to be reliable between raterswere
then assessed for diagnostic accuracy. Sensitivity, speciﬁcity, diag-
nostic accuracy, positive and negative likelihood ratios (LRs) and
odds ratios (ORs) (and 95% conﬁdence intervals [CIs]) were calcu-
lated for all variables. Particular emphasis was placed on the LR as
this statistic reﬂects both the sensitivity and speciﬁcity domains30.
To interpret the LRs the following cut-offs were used: (1) positive
LR> 1.00¼ desirable, >3.00¼ useful, >10.00¼ very useful; and (2)
negative LR< 0.33¼ desirable, <0.10¼ very useful31.
Fourth, receiver operating characteristics (ROC) curves were
generated for the continuously or ordinally scored variables.
These diagrams provide graphical representation of the balance
between sensitivity and speciﬁcity, the point of optimal true
positives and false negatives, relaying information to how well
a test can discriminate between the presence and absence of
a disease. The larger the area under the curve, the greater the
discriminative ability of the test. Therefore, the optimum balanceace narrowing) of the ﬁrst MTPJ from the dorso-plantar view.
Fig. 2. Participant ﬂow through the study.
Table I
Participant characteristics
Variable OA present
(n¼ 139)
OA absent
(n¼ 42)
P value
Sex (% male) 65 62 0.43
Age (years) 56.8 (10.0) 52.9 (13.7) 0.44
Height (cm) 172.5 (8.7) 169.6 (13.4) 0.49
Weight (kg) 81.4 (12.8) 77.4 (14.7) 0.31
BMI (kg/m2) 27.3 (3.6) 27.0 (5.6) 0.78
Duration of pain (months) 48.1 (40.9) 27.4 (29.7) 0.04*
Severity of pain at rest (mm)y 29.5 (21.5) 30.6 (24.6) 0.77
Radiographic observations e n (%)z
Osteophytes (dorso-plantar) <0.01*
Score¼ 0 1 (0.7) 12 (28.6)
Score¼ 1 14 (10.1) 30 (71.4)
Score¼ 2 83 (59.7) 0 (0)
Score¼ 3 41 (29.5) 0 (0)
Osteophytes (lateral) <0.01*
Score¼ 0 1 (0.7) 14 (33.3)
Score¼ 1 12 (8.6) 28 (66.7)
Score¼ 2 79 (56.8) 0 (0)
Score¼ 3 47 (33.8) 0 (0)
Joint space narrowing (dorso-plantar) <0.01*
Score¼ 0 17 (12.2) 19 (45.2)
Score¼ 1 71 (51.1) 23 (54.8)
Score¼ 2 41 (29.5) 0 (0)
Score¼ 3 10 (7.2) 0 (0)
Joint space narrowing (lateral) <0.01*
Score¼ 0 11 (7.9) 25 (59.5)
Score¼ 1 102 (73.4) 17 (40.5)
Score¼ 2 21 (15.1) 0 (0)
Score¼ 3 5 (3.6) 0 (0)
Values shown represent the mean (standard deviation), unless otherwise
indicated.
* Indicates signiﬁcant difference between groups at P< 0.05 level.
y Millimetres on a visual analogue pain scale.
z Frequency of scores using the La Trobe radiographic foot OA atlas.
Table II
Inter-rater reliability of clinical observations
Clinical observation k (95% CI) Percentage
agreement
Dorsal exostosis 0.91 (0.75e1.00) 96
Temperature increase 1.00* 100
Effusion 1.00* 100
Pain during motion 1.00* 100
Redness 0.33 (0.02e0.68) 67
Hard end-feel 1.00* 100
Crepitus 0.41 (0.05e0.78) 71
Pain on palpation 1.00* 100
First MTPJ dorsiﬂexion range of motion 0.95 (0.88e0.98)y NA
NA: not applicable; IPJ: interphalangeal joint.
* CIs not calculable as k¼ 1.00.
y ICC.
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coordinates using the value in the upper left hand corner of the
ROC curve. The variables were then dichotomized as either being
above or below this identiﬁed cut-off value and the diagnostic
accuracy calculated.
Finally, all variables with P< 0.10 in the univariate analyseswere
entered into a backward stepwise multivariate logistic regression
model, with variables excluded where P 0.10. The statistically
optimal model was then transformed into a simple clinical
prediction rule by rescaling the regression coefﬁcients into whole
numbers. The diagnostic performance of the two models was
evaluated using the area under the ROC curves, the fraction of
variance explained by the model (Nagelkerke R2) and model ﬁt
(HosmereLemeshow goodness-of-ﬁt P value)32. To calculate
a simple risk score, the probability of a participant having radio-
graphic OA was determined using the formula:
Prob ¼ 1
1þ expz
.where z¼ sum of logistic regression model.
Results
Participant characteristics
Participant ﬂow though the study is shown in Fig. 2 and
descriptive characteristics of participants are presented in Table I.
The overall mean age (SD) was 55.9 (11.1) years, height 171.8
(10.1) cm, weight 80.5 (13.4) kg, and body mass index (BMI) was
27.2 (3.8) kg/m2. One hundred and thirty nine participants (77%)
had radiographic ﬁrst MTPJ OA. Participants with radiographic ﬁrst
MTPJ OA reported a signiﬁcantly longer duration of symptoms
(48.140.9 vs 27.4 29.7 months, P¼ 0.04), but there were no
other differences between the groups. There were no adverseevents from performing the clinical tests or reference standard
X-rays.
Inter-rater reliability of clinical observations
The reproducibility of clinical symptoms and signs between
raters is presented in Table II. With the exception of redness
(k¼ 0.33), all assessed variables showed acceptable levels of reli-
ability (k values ranging from 0.41 to 1.00), with crepitus only just
exceeding the 0.40 cut-off. First MTPJ dorsiﬂexion range of motion
displayed good reliability (ICC¼ 0.95, 95% CI 0.88e0.98). Two
variables e temperature and effusion e demonstrated perfect
reliability however were not considered in subsequent analyses as
no participants displayed positive test scores for these variables.
Table III
Symptoms and clinical observations potentially diagnostic of radiographic OA in people with ﬁrst MTPJ pain
OA present
(n¼ 139)*
OA absent
(n¼ 42)*
Sensitivity Speciﬁcity Accuracy LRþ LR OR (95% CI) P value
Age> 58.5 years 54 (38.8) 9 (21.4) 35.2 61.9 41.4 0.92 1.05 2.32 (1.03e5.25) 0.041
Male sex 90 (64.7) 26 (61.9) 64.8 38.1 58.6 1.75 1.67 1.13 (0.55e2.31) 0.736
Symptoms
Pain duration> 25 months 87 (62.6) 12 (28.6) 62.6 71.4 64.6 2.19 0.52 4.18 (1.97e8.88) <0.001
Pain at rest> 24.5 mm 66 (47.5) 22 (52.4) 47.5 47.6 47.5 0.91 1.10 0.82 (0.41e1.64) 0.578
Average morning stiffness> 30 min in past week 42 (30.2) 8 (19.0) 30.2 81.0 42.0 1.59 0.86 1.84 (0.79e4.31) 0.160
Clinical observations
Dorsal exostosis 106 (76.3) 15 (35.7) 76.3 64.3 73.5 2.14 0.37 5.78 (2.75e12.15) <0.001
Hard-end feel 133 (95.7) 29 (69.0) 95.7 31.0 80.7 1.39 0.14 9.94 (3.49e28.32) <0.001
Crepitus 42 (30.2) 2 (4.8) 30.2 95.2 45.3 6.35 0.73 8.66 (2.00e37.47) 0.004
Pain on palpation 130 (93.5) 38 (90.5) 93.5 9.5 74.0 1.03 0.68 1.52 (0.44e5.21) 0.505
First MTPJ dorsiﬂexion range of motion< 64 107 (77.0) 9 (21.4) 77.7 78.6 77.9 3.63 0.28 12.26 (5.31e28.29) <0.001
LRþ: positive likelihood ratio; LR: negative likelihood ratio.
* Values shown are n (%)
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clinical observations
Table III shows the diagnostic test statistics for variables
potentially diagnostic of radiographic OA in people with ﬁrst MTPJ
pain. Positive LRs were determined to be desirable (>1.00) for male
sex, pain duration >25 months, average morning stiffness >30 min
in the past week, dorsal exostosis and hard-end feel, and useful
(>3.00) for crepitus and ﬁrst MTPJ dorsiﬂexion range of motion
<64. Negative LRs were determined to be desirable (<0.33) for
hard-end feel and ﬁrst MTPJ dorsiﬂexion range of motion <64.
Table IV shows the number of predictors observed in those with
and without ﬁrst MTPJ OA.
Multivariate logistic regression model
The multivariate logistic regression analysis resulted in a model
with ﬁve independent predictor variables, with the following
equation:
¼ 2:048 ðinterceptÞ þ pain duration > 25 months  1:053
þ dorsal exostosis present 1:073þ hard-end feel present
 1:191þ crepitus present 1:901
þ first MTPJ dorsiflexion range of motion
< 64 degrees  1:748
To create a simple clinical model, the regression coefﬁcients
were rescaled into whole numbers. The diagnostic performance
of each of the models (i.e., the statistically optimal model and
the clinical model) is shown in Table V, and ROC curves for each
are shown in Fig. 3. Overall, the performance of the two models
was very similar, with areas under curve for the statistically
optimal model and the clinical model being 0.87 (95% CI
0.81e0.93) and 0.87 (95% CI 0.80e0.93), respectively. A cut-off
score of 3 (out of a possible score of 7) using the clinical
model resulted in a sensitivity of 88%, speciﬁcity of 71%, accuracy
of 84%, positive LR of 3.07 and negative LR of 0.17. A riskTable IV
Number of predictors e n (%) in participants with and without ﬁrst MTPJ OA
Number of predictors OA present (n¼ 139) OA absent (n¼ 42)
5 14 (10.1) 0 (0)
4 68 (48.9) 3 (7.1)
3 117 (84.2) 9 (21.4)
2 134 (96.4) 22 (52.4)
1 139 (100.0) 42 (100.0)
0 0 (0) 0 (0)calculator based on the statistically optimal model can be found
at: www.latrobe.edu.au/mrc/OA_calculator.Discussion
The primary objective of this study was to determine the diag-
nostic accuracy of demographics, reported symptoms and
commonly used clinical observations in the identiﬁcation of
radiographic ﬁrst MTPJ OA. However, before diagnostic accuracy
can be examined, the clinical tests need to demonstrate acceptable
levels of reliability. To the authors’ knowledge, this is the ﬁrst
investigation to assess the reliability of these clinical observations
in participants with ﬁrst MTPJ pain. All variables analysed showed
adequate inter-rater reliability (k> 0.40) with the exception of joint
redness (k¼ 0.33). Clinical measures displaying adequate reliability
included for further analysis were the presence of a dorsal exostosis
(k¼ 0.91), hard-end feel (k¼ 1.00), crepitus (k¼ 0.41), and pain on
palpation (k¼ 1.00). Similar levels of reliability have been reported
in studies assessing equivalent clinical tests of hand19 and knee20
OA. Our results also indicated that ﬁrst MTPJ dorsiﬂexion range of
motion was highly reliable in people with ﬁrst MTPJ pain, consis-
tent with previous reports in pain-free participants24.
Evaluation of diagnostic accuracy revealed that only two vari-
ables, crepitus and ﬁrst MTPJ dorsiﬂexion range of motion (<64),
displayed useful positive LR values (6.35 and 3.63, respectively). Of
the two, ﬁrst MTPJ dorsiﬂexion range of motion was the only
variable to also demonstrate a desirable negative LR (0.28). Inter-
estingly, the EULAR evidence-based recommendations for diag-
nosing knee OA reported a positive LR of 2.23 for crepitus and 4.40
for restricted movement21. This ﬁnding suggests that crepitus and
reduced range of motion are cardinal features of OA, and that
clinical observations of these features have clinical utility in the
diagnosis of OA, including OA affecting the ﬁrst MTPJ. The cut-off
value for ﬁrst MTPJ range of motion was <64, which is consis-
tent with the traditional view that at least 65 of ﬁrst MTPJ dorsi-
ﬂexion is required for normal foot function33.
Symptoms such as pain, aching and stiffness are also frequently
associated with OA. Univariate analysis showed that the optimum
diagnostic cut-off values for pain duration were >25 months, pain
experienced at rest >24.5 mm and average morning stiffness in the
pastweek>30 min.Although these symptomvariables demonstrated
useful positive LRs, none demonstrated useful negative LRs. Similar
ﬁndings regardingsubjectivepatient symptomshavebeenreported in
relation to knee OA34, indicating that symptoms may have limited
clinical utility in diagnosing radiographic OAwhen used in isolation.
The logistic regression model identiﬁed that reporting pain
duration>25months, and clinical observation of a dorsal exostosis,
Table V
Diagnostic performance of the two logistic regression models
Model Area under ROC curve (95%CI) Nagelkerke R2 HosmereLemeshow goodness-of-ﬁt P value % of cases correctly classiﬁed
Statistically optimal model 0.87 (0.81e0.93) 0.48 0.76 86.2
Clinical model 0.87 (0.80e0.93) 0.48 0.67 85.6
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<64 were all signiﬁcantly and independently associated with
radiographic ﬁrst MTPJ OA, correctly classifying participants with
an accuracy of 86.2%. A simpliﬁed clinical model, in which the
regression coefﬁcients were rescaled into whole numbers,
demonstrated equivalent performance, with a classiﬁcation accu-
racy of 85.6%. This simpliﬁed model could be applied in clinical
practice by simply summing the number of positive clinical test
results and employing a cut-off of 3, the diagnosis of radiographic
ﬁrst MTPJ OA could be reached with a sensitivity of 88%, speciﬁcity
of 71%, accuracy of 84%, positive LR of 3.07 and negative LR of 0.17.
Alternatively, the online calculator we developed could be used to
express the likelihood of radiographic OA as a percentage proba-
bility. Either approach could be implemented quickly and easily in
routine practice, as the information required to calculate the risk
score takes very little time and only requires one piece of standard
equipment e a goniometer to measure ﬁrst MTPJ range of motion.
The ﬁndings of this study need to be interpreted in the context
of several study design limitations. First, the relatively small sample
size prompts further investigation using larger cohorts. Second, the
spectrum of participantsmay not fully represent those encountered
in clinical practice due to the inclusion and exclusion criteria of the
trial from which the participants were drawn. Speciﬁcally, the
diagnostic rule presented here will only be relevant to patients
presenting with ﬁrst MTPJ pain who are 18 years or older, report
greater than 20 mm of pain at rest on a 100 mm visual pain
analogue scale, experience pain for longer than 3 months, and do
not have inﬂammatory arthritis or moderate to severe hallux
valgus. Third, the reference standard used within this study was
plain ﬁlm radiography, so study ﬁndings will differ compared to
other reference standards (e.g., magnetic resonance imaging) or
different radiographic OA deﬁnitions. Fourth, the radiographic atlas
used to classify ﬁrst MTPJ OA has been recently developed, so thereFig. 3. ROC curve for the statistically optimal model (solid line) and the clinical model
(broken line).is insufﬁcient epidemiological data to estimate prevalence to allow
the formulation of a nomogram35. This precludes the calculation of
absolute risk, as the pre-test probability of ﬁrst MTPJ OA is
unknown. Fifth, there are a range of other measures not included in
our test battery that may have improved the diagnostic accuracy of
the multivariate model, such as self-reported pain when perform-
ing tasks requiring large amounts of dorsiﬂexion (e.g., kneeling or
stair descent). Finally, this study represents only the ﬁrst step in
developing a valid diagnostic rule. Further investigation is required
to validate the model in a larger sample and to determine whether
the application of the rule inﬂuences clinician behaviour and
patient outcomes36.Conclusion
In people with ﬁrst MTPJ pain, pain duration greater than 25
months, the presence of a dorsal exostosis, hard-end feel, crepitus
and less than 64 of ﬁrst MTPJ dorsiﬂexion are signiﬁcantly and
independently associated with radiographic OA. A simple clinical
scoring system using these variables can correctly identify the
presence or absence of radiographic OA with 86% accuracy, sug-
gesting that with further development this approach may be of
clinical beneﬁt in identifying the probability of OAwithout the need
to refer for radiographs.Contributions
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